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Abstract

The holotype ofToyotamaphimeia machikanensiéscovered from the Middle Pleistocene
sediments of the Osaka Group in Osaka Prefecture of Japan, is redescribed in details in this
study. Phylogenetic analysis is conducted with 165 characters for 48 taxa (two outgroups). The
analysis produces 323 most parsimonious trees of 420 steps. The strict consensus tree suggests
that Toyotamaphimeids deeply nested within the clade Tomistominae and is a sister taxon to
the only extant tomistomine crocodylianfomistoma schlegelii The topology of the
phylogenetic trees implies that tomistomines originated in Europe as previously suggested and
the clade ofToyotamaphimeia machikanengisis Tomistoma schlegeldispersed into eastern
Asia by or prior to 400 thoudsand years ago.

Diagnoses offoyotamaphimeia machikanensie also revised. Although previous studies
stated that maxillary tooth 7 was the largestlioyotamaphimeiamaxillary teeth twelfth and
thirteenth maxillary teeth are actually larger than the seventh. Maxillary teeth posterior to the
seventh are more closely placed than anterior ones. Maxillary teeth eighth to twelfth are placed
lateral to the dentary teeth in occlusion, whereas maxillary teeth thirteenth to sixteenth meet
with corresponding dentary teeth, suggesting that posterior teeth of the maxilla and dentary may
have been used for crushing. A tomistomine crocodylian from the Kishiwada Town, previously
referred to Toyotamaphimeia machikanensiss not comparable with the holotype of
Toyotamaphimeiaand considered here as a different taxon, possibly more primitive than
Toyotamaphimeia machikanensis

Toyotamaphimeia machikanensis
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INTRODUCTION

In 1964, a nearly complete skeleton of a crocodylian was discovered from the Middle
Pleistocene deposits of the Kasuri Tuff (approximately 0.4 Ma) of the Osaka Group at the cam-
pus of the Osaka University in Machikane-yama, Toyonaka City, Osaka Prefecture, Japan (Figs.
1, 2) (Kobatake et al., 1965). Although this skeleton is missing most caudal vertebrae and por-
tions of lower jaws and limb elements, it was the most complete crocodylian skeleton from
Japan then and is now still one of the best crocodylian specimens from this country (Fig. 3).
This crocodylian was described and named as a new species of an extant genus, “Tomistoma
machikanense” (Kobatake et al., 1965; Kobatake and Kamei, 1966). Eighteen years after the
original description, Aoki (1983) redescribed the skull of this crocodylian and erected a new
genus for it, Toyotamaphimeia machikanensis. The most recent study focused on the
paleopathology of Toyotamaphimeia machikanensis and discussed the implications to the be-
havior of this animal (Katsura, 2004).

The studies by Kobatake et al. (1965) and Kobatake and Kamei (1966) emphasized the
elongated and narrow skull, and the taxonomic assessment of “Tomistoma machikanense” as a
new taxon was based on comparisons with modern crocodylians (especially Tomistoma
schlegelii and Crocodylus cataphractus) and some fossil species of Tomistoma. The similarities
of “Tomistoma machikanense” and Tomistoma schlegelii, proposed in these studies are the ex-
clusion of the nasal from the external narial opening, the alignment of the premaxilla-premaxilla
suture matched to the sagittal plane, the “W”-shaped suture of the premaxilla and maxilla in
dorsal view, the upper dental formula (five premaxillary and 16 maxillary teeth), and the pos-
sible length of the symphesis (extending to the level of the fourteenth or fifteenth dentary
tooth). They distinguished “Tomistoma machikanense” from other fossil species of Tomistoma
in having different shapes of the orbits, supratemporal fenestrae, and suborbital fenestrae.
However, the diagnosis of “Tomistoma machikanense” was not specified in these papers.

In 1983, Aoki redescribed “Tomistoma machikanense” with emphasis on skull features and
argued that the features (associated with the elongation of the snout) on which Kobatake et al.
(1965) considered “Tomistoma machikanense” as a member of Tomistoma are most likely con-
vergent features seen in other longirostral crocodylians. Therefore, he argued that “Tomistoma
machikanense” could not be referred to Tomistoma and, instead, represents a different genus,
Toyotamaphimeia machinensis, which was diagnosed by a new set of characters: lepto-
longirostral crocodylid; premaxillae contacting nasal, nasals failing to reach external nares;
mandibular symphysis long, extending to level of diastema between the thirteenth and four-
teenth dentary teeth (anterior two-thirds of the symphysis missing); dental formula (pm-5 + m-
16)/(d-10 +); seventh maxillary tooth large, snout constricted posteriorly at diastema between
the ninth and tenth maxillary teeth; perforation or emargination for first mandibular tooth absent
in anterior plate of premaxilla; orbitae subcircular; supratemporal fenestrae large, subequal to

1
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Fig. 1. Locality map of Toyotamaphimeia machikanensis, Machikane-yama, Toyonaka City, Osaka
Prefecure, Kinki District.

the orbits in size; basioccipital tubera little developed; choana key-hole (as in key-hole neck-
line) shaped, postchoanal ridge absent; axis of jaw articulation inclined posteromedially and
ventromedially; and distortion of retroarticular process ventromedially.

Aoki (1983) stated the largest maxillary tooth 7 as a unique character of Toyotamaphimeia
machikanensis. He also emphasized the shape of the retroarticular process (ventromedial distor-
tion) as a similar condition seen in “derived crocodylians” such as Crocodylus porosus but un-
like longirostrine crocodylians (e.g., Tomistoma schlegelii. Crocodylus cataphractus, and
Gavialis gangeticus), indicating poor affinities between Toyotamaphimeia machikanensis and
longirostrine crocodylians. Despite of the similarity with Crocodylus porosus, Aoki suggested
that Toyotamaphimeia machikanensis was more primitive than Crocodylus because of
plesiomorphic conditions of two characters in Toyotamaphimeia machikanensis (short
interorbital distance and thin-walled and steep anterior plate of the premaxilla).

Katsura (2004) described pathological features of Toyotamaphimeia machikanensis in
dentaries (missing anterior portion), tibia and fibula (fractured), and osteoderm (bite marks)
with healing structures and suggested that these injuries occurred multiple times and
Toyotamaphimeia machikanensis survived these injuries for a certain time. He also suggested
that these injuries made by attacks of other individuals of the same taxon and the specimen
Toyotamaphimeia machikanensis from the Osaka University may be a male because most
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Fig. 2. Photographs of Toyotamaphimeia machikanensis site (in front of a building on the ride side) (A) and
the excavated skull of Toyotamaphimeia machikanensis in 1964 (B).

intraspecific fighting is between males.

The geographic distribution of Japanese crocodylians during the Pliocene and Pleistocene
is summarized by Taruno (1999). The northern most occurrence reaches to Iwate Prefecture
(northern part of the Honshu Island), and southern most to Nagasaki Prefecture (the Kyushu
Island) (Fig. 4). Although most discoveries are of fragmentary specimens or footprints, these re-
cords indicate the wide distribution of crocodylians in Japan. Aoki (1983) suggested that
Tomistoma taiwanicus from Taiwan is Toyotamaphimeia machikanensis, and the geographic
distribution of Toyotamaphimeia could be much larger and extend into Taiwan (Shikama, 1972;
Aoki, 1983). Taruno (1999) described another crocodylian specimen from the Pleistocene of
Osaka Prefecture, called the Kishiwada crocodylian, and referred to Toyotamaphimeia
machikanensis.
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Fig. 3. Discovered skeleton of Toyotamaphimeia machikanensis.

Although three main previous studies on Toyotamaphimeia machikanensis (Kobatake
et al., 1965; Kobatake and Kamei, 1966; Aoki, 1983) are remarkable, those studies focused on
selected elements of the skull, lacking a thorough assessment of the specimen, especially
postcranial elements. Also, phylogenetic relationships of Crocodylia have been recently pro-
posed (e.g., Brochu, 1999, 2006; Delfino et al., 2005,), and the evolution of Crocodylia is better
understood than before. The main goal of this paper is to provide the detailed description of the
entire skeleton of Toyotamaphimeia machikanensis and to test the phylogenetic status of
Toyotamaphimeia machikanensis on the basis of a new set of data matrix drawn from recent
studies.

Institutional Abbreviations - MOU, Museum of Osaka University.
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Fig. 4. Geographic distribution of crocodylians from the Pliocene and Pleistocene sediments of Japan (data
are from Taruno, 1999).



GEOLOGY

Toyotamaphimeia machikanensis was discovered from the Ibaraki Formation of the Osaka
Group. The Osaka Group and its equivalent formations (the Sinochou and Shoubudani forma-
tions and the Kobiwako and Tokai groups) is distributed in major plains along the coastlines of
Pacific Ocean and Japan Sea, inland basins in northeastern Japan, and Setouchi Area in south-
western Japan (ltihara, 1993). The Osaka Group consists of lacustrine and fluvial sediments of
the Pliocene-Pleistocene and outcrops in the Osaka Basin and its surrounding areas in the Kinki
District, central part of Japan. This group contains twelve marine clay beds (termed Ma -1, Ma
0, Ma 1 and up to Ma 10, where Ma 10 is the youngest) with more than 150 volcanic ash layers,
and its thickness is roughly 1,500 to 2,000 meters (Itihara and Inoue, 1993) (Fig. 5). In addition
to the skeleton of Toyotamaphimeia machikanensis from the Osaka Group, many crocodilian
remains such as teeth, bones and footprints have been found from the sediments of the
Kobiwako Group. Stratigraphical correlation between the Osaka and Kobiwako groups shows
that these fossils were found from different stratigraphic levels from the Toyotamaphimeia ho-
rizon (Hayashi and Kawabe, 1993; Yoshikawa, 1993).

The Osaka Group in the Senri Hill Area in the northern Osaka Basin is divided into the
Ibaraki Formation, in which the skeleton of Toyotamaphimeia machikanensis was found, and
the Senri Formation (Fig. 5). The stratigraphic boundary between these formations is at the
lower limit of Ma 2, and the Ibaraki Formation is stratigraphically higher than the Senri
Formation (Itihara and Inoue, 1993). The Ibaraki Formation is approximately 110 m in thick-
ness and consists of eight marine clay beds (Ma 2 to Ma 9) and alternatives of claystone,
siltstone, sandstone, and sandy conglomerates of lacustrine and fluvial sediments. The skeleton
of Toyotamaphimeia machikanensis were recovered from the alternation of sand and silt sedi-
ments, associated with “Kasuri Tuff”, and 1 meter below the Ma 8 marine clay bed (Fig. 5).
“Kasuri Tuff” is radiometrically dated by fission track method as 0.38 Ma + 0.03 m.y. for
anthophylite granule (Nishimura and Sasajima, 1970) and 0.42 Ma + 0.08 m.y. for apatite
granule (Suzuki, 1988).

“Kasuri Tuff” has yielded molluscs (e.g., Cristaria plicata spatiosa, Lanceolaria
oxyrhyncha, Lymnium biwae, Lymnium hirasei, Corbicula sandai, and Vivipalus longispira),
plant fossils (e.g., Trapa macropoda, Trapa tetragona, and Nelumbo nucifera), and pollen (e.g.,
Alnus, Fagus, Pinus, and Criptomeria), indicating that its climate was moderate (Kamei, 1971).
The Osaka Group and its equivalent sediments in Kinki District are divided into five zones
based on mammalian fauna (Stegodon shinshuensis, Stegodon aurorae, Mammuthus shigensis,
Stegodon orientalis, and Palaeoloxodon naumannni zones from lower to higher) (Taruno and
Kamei, 1993). The Toyotamaphimeia bed is positioned as the Stegodon orientalis Zone because
remains of Stegodon orientalis have been known from the horizons between Ma 6 and Ma 8.
Ma 8 bed at Hotarugaike, near the Toyotamaphimeia excavation site, yielded an elephant tusk

6
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Fig. 5. Stratigraphic position of the Kasuri Tuff in the Ibaraki Formation of the Osaka Group (left).
Stratigraphic section of the Ibaraki Formation in the Machikane-yama Area, showing the stratigraphic
position of Toyotamaphimeia machikanensis horizon (right) (from Kobatake and Kamei, 1966).

referred to Stegodon orientalis. The Stegodon orientalis Zone also yields Cervus kazusensis,
Panthera youngi, Bubalus teihardi, Dicerorhinus nipponicus and others, and this assemblage is
similar to that of the mammalian fauna of central-northern part of China (Taruno and Kamei,
1993). This zone also corresponds to the mammalian zone QM 4 (middle Middle Pleistocene)
of the Japanese Neogene biostratigraphy (Kamei et al., 1988), which is dominated by temperate
forest mammalian type and contains a few immigrants of warm temperate forest elements from
southern China (Kawamura, 1991). The flora of Ma 8 is characterized by the presence of abun-
dant evergreen laurel forest trees, suggesting that it was warm and temperate and that evergreen
forests, as seen in the present Pacific coast areas of Japan today, might have been distributed
around the Osaka Bay during that time (Momohara, 1993).

The skeleton of Toyotamaphimeia machikanensis and the tree trunks of Rosaciae (Prunis
and Sorbes) were recovered from an area of 5 m x 8 m (Kobatake et al., 1965; Kagemori,
1993). Despite of its disarticulated condition of the skeleton of Toyotamaphimeia
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Fig. 6. Bone distribution map of Toyotamaphimeia machikanensis from Kobatake et al. (1965).

machikanensis, these skeletal elements were transported by only a short distance because of its
general bone distribution and the preservation of three gastroltih pebbles and thirty-three
osteoderms at the area of body (Fig. 6). The main axis of the skull was aligned along north-
south direction, which is close to the direction of tree trunks. Most of postcranial elements were
preserved north to the skull. Many plant remains and fresh water molluscs had been unearthed
in association closely with the skeleton and tree trunks (Kamei, 1971). Those fossils were
autochthonous to be buried under the influence of slow water current.



SYSTEMATIC PALEONTOLOOGY

CROCODYLIA Gmelin, 1789
TOMISTOMINAE Kalin, 1955
Toyotamaphimeia Aoki, 1983

Type species Tomistoma machikanense Kamei et Matsumoto, 1965.
Diagnosis - As for Toyotamaphimeia machikanensis (Kamei et Matsumoto, 1965) given
below.

Toyotamaphimeia machikanensi@amei et Matsumoto, 1965)

Tomistoma machikanense Kamei et Matsumoto, 1965:54
Toyotamaphimeia machikanensis (Kamei et Matsumoto, 1965) Aoki, 1983:90

Type MOUF00001, a nearly complete skeleton, missing anterior portion of mandibles,
most of left dorsal ribs, right forelimb and left hindlimb elements, both pubes, and all caudal
vertebrae posterior to fourth caudal vertebra.

Type locality and horizon The Kasuri Tuff, stratigraphically lower by a meter than the
eighth marine clay bed (Ma 8) of the Osaka Group (approximately 0.4 million years ago)
(Kobatake et al., 1965; Kobatake and Kamei, 1966; Itihara, 1993).

Definition - A stem-based group name including the type species (Toyotamaphimeia
machikanensis) and all tomistomines more closely related to Toyotamaphimeia machikanensis
than to Tomistoma schlegelii.

Emended diagnosis - Derived tomistomine crocodylian differing from other tomistomines
in having the following characters: large seventh maxillary teeth, neural arch with a lateral
process (“diapophysis™), axial hypapophysis toward the center of centrum, dorsal margin of
atlantal rib with prominent process, prominent iliac anterior process, dorsal osteoderms without
keel, four dorsal osteoderms per row, splenial with anterior perforation for mandibular ramus
of cranial nerve V, all dentary teeth occlude lingual to maxillary teeth, ectpterygoid separated
from maxillary toothrow, smooth posterior margin of otic aperture, lateral eustachian canal po-
sitioned lateral to medial eustachian canal, and internal choana not septate.

Note - Tomistoma machikanense was named in the original paper by Kamei and
Matsumoto (1965). Aoki (1983) changed its specific hame into Toyotamaphimeia machika-
nensis because its generic name is feminine (-ensis for masculine and feminine), whereas
Tomistoma is neuter (-ense for neuter). Aoki (1983) noted that the generic name,

9
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Toyotamaphimeia, was named after “Toyotamaphime”, a Japanese goddess of crocodilian in-
carnate.
Description - Description of the holotype is in the nest chapter.



DESCRIPTION

Skull

The cranial openingsare well described by Aoki (1983). The external narial opening is
circular without a septum and opens dorsally (Fig. 7). The orbits are circular and open dorsally.
The anterior edge of the orbits is more posteriorly positioned than the last maxillary tooth. The
dorsal margins of orbits are slightly upturned relative to the skull surface. The ventral margin
of the orbits are circular. The suborbital fenestrae are anterioly elongated (Fig. 8). The fenestra
is bordered by the maxilla anteriorly, palatine medially, ectopterygoid laterally, and pterygoid
posteriorly. The anterior end of the suborbital fenestra is located between thirteenth and four-
teenth maxillary alveoli. The medial margin of the suborbital fenestra is nearly straight and
lacks a posterior notch. The supratemporal fenestra is oval shaped with an anteroposteriorly ori-
ented long axis (Fig. 7). The dorsal rim of the supratemporal fenestra is roughly same size as
ventral rim of the fenestra and lacks an overhang rim. The supratemproral fenestra lacks fossa
at its anteromedial corner. The infratemporal fenestra is triangular in shape in dorsolateral view
and smaller than the supratemporal fenestra. It is bounded by the jugal ventrolaterally and
quadratojugal and quadrate posteriorly. The choana is enclosed within the pterygoid and is a
single opening without a septum (Fig. 8). The choana is circular and opens posteroventrally.
The posterior rim of the choana is smooth and lacks a notch unlike in alligatorids (Brochu,
1997; Brochu, 1999). The external mandibular fenestra is located at a mid-point between the
glenoid and the last dentary tooth (Figs. 11-12). The fenestra has a flat ventral border and a
posterodorsal corner. The foramen intermandibularis caudalis is small, 42 mm long
anteroposteriorly. The foramen intermandibularis medius is not preserved.

The premaxillae (Figs. 7, 8, 9, 15) are well described by Aoki (1983). The element is long
anteroposteriorly, roughly same length as the nasal, and bears five premaxillary teeth on each
side (Fig. 9). The premaxilla-maxilla suture in dorsal view originated from the rostral notch,
which is the narrowest part of the rostrum. The notch is weak, and the transverse width of the
premaxillae at the notch is 73% of the maximum width of the element (89 and 122 mm respec-
tively) and is associated with an additional concavity on each side for the caniniform dentary
tooth. The dorsal premaxillary process extends to the level between the sixth and seventh max-
illary alveoli. The premaxillae articulate with each other along the sagittal plane up to the level
of fourth maxillary tooth and separate the nasal from the external narial opening. The dorsal
premaxillary processes diverge posteriorly, forming W-shaped suture with the nasals. At the
posterior border of the external narial opening, the premaxillae form an anteriorly projecting
small process (Figs. 7, 15A). The two premaxillae also form a posteriorly projecting small proc-
ess at the anterior edge of the external narial opening, but the external narial opening is conflu-
ent. The dorsal surface of the premaxillae lateral to the external narial opening is smooth and

11
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Fig. 7. Skull of Toyotamaphimeia machikanensis in dorsal view. Abbreviations: ect, ectopterygoid; f, fron-
tal; j, jugal; I, lacrimal; m, maxilla; p, parietal; pf, prefrontal; pm, premaxilla; po, postorbital; pt,
pterygoid; g, quadrate; gj, quadratojugal; sq, squamosal.
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Fig. 7. cont.

13



14

Y. Kobayashi, Y. Tomida, T. Kamei and T. Eguchi

Fig. 8. Skull of Toyotamaphimeia machikanensis in ventral view. Abbreviations: bo, basioccipital; ect,
ectopterygoid; eo, exoccipital; j, jugal; m, maxilla; oc, occipital condyle; pal, palatine; pm, premaxilla;
pt, pterygoid; g, quadrate; gj, quadratojugal.
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Fig. 9. Skull of Toyotamaphimeia machikanensis in right lateral view. Abbreviations: bo, basioccipital; ect, ectopterygoid; j, jugal; m, maxilla; oc, occipital

condyle; pm, premaxilla; po, postorbital; pt, pterygoid; g, quadrate; gj, quadratojugal; sq, squamosal.
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Table 1. Measurements in millimeters of the skull and mandible in the holotype of Toyotamaphimeia
machikanensis in this study.

Measurement mm
Skull length (premaxilla-parietal) 1025
Skull width (quadrate-quadrate) 496
External narial opening, length and width 62.2 x 70.2
Orbit, length and width 91.8 x 93.9
Supratemporal fenestra (left), length and width 102.6 x 78.8
Infratemporal fenestra (right), length and width 70.0 x 42.9
Suborbital fenstra (left), length and width 205.4 x 66.2
Choana, length and width 375 x 423
Foramen magnum, height and width 36.4 x 31.6
Preorbital length 770
Width between orbits 49.6
Skull table, length and width 127.8 x 210.1
Width between supratemporal fenestrae 21.7
Width between suborbital fenestrae 111.4
Occipital condyle, height and width 56.0 x 56.9
Mandibular fenestra (left), height and length 38.3 x 100.1
Hyoid length (left, incomplete) 159.7

lacks a groove seen in some Alligator (Brochu, 1997; Brochu, 1999) (Fig. 15A). The lateral and
anterior sides of the premaxillae are more heavily ornamentated than the dorsal surface. The an-
terior surface is pitted, whereas the lateral surfaces have the mixture of pits and grooves. In ven-
tral view, the incisive foramen is heart-shaped, with an anterior process at its posterior border
(Fig. 15B). A weak sagittal ridge is present posterior to the anterior process. The foramen is po-
sitioned between the first and second premaxillary teeth, or close to the anterior border of the
external narial opening in dorsal view, and the anterior end of the foramen is between the first
premaxillary alveoli. The foramen is small, 22.1 mm long and 16.2 mm wide, which is much
less than half the maximum width of the premaxilla. The wedge-shaped processes of the
premaxillae and maxillae give the suture between the two bones in the form of a zigzag pattern.
As described by Aoki (1983), one of the processes of the premaxilla reaches the level of the
first maxillary tooth. A gap between the third and fourth premaxillary teeth is the largest dis-
tance between consecutive premaxillary teeth. Medial to the gap, one foramen is present on the
right side and two on the left side. There is another foramen on the ventral surface of the right
premaxilla.

The maxilla (Figs. 7, 8, 9, 16) is the longest cranial element and has sixteen teeth on each
side. As suggested by Aoki (1983), one of the most interesting features of this taxon is the pos-
terior position of the lateral expansion of the maxilla. This is related to the larege diameter of
the seventh maxillary tooth. Posterior to the expansion or to seventh alveoli, the tooth raw
curves medially (Fig. 8). The edge of each alveolus is surrounded by a ridge, which covers the
base of tooth crown (Fig. 9). The height of the ridge is the largest at the seventh maxillary al-
veoli, indicating a strong support for the seventh maxillary teeth. Posterior to the eleventh max-
illary alveolus, the lateral side of the element has a series of foramina at roughly 40 mm from
the ventral edge of the maxilla, and each foramen is associated with a corresponding alveolus
(Fig. 9). The ornamentation of the maxilla is a mixture of pits and anteroposteriorly running
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Fig. 10. Skull of Toyotamaphimeia machikanensis in occipital view. Abbreviations: bo, basioccipital; ect,
ectopterygoid; eo, exoccipital; j, jugal; oc, occipital condyle; pt, pterygoid; g, quadrate; gj, quadratojugal;
S0, supraoccipital; sg, squamosal.

grooves, but the lateral surface, posterior to the eleventh maxillary alveolus, is less ornamented.
In lateral view, the ventral border of the element is slightly concave ventrally and is more dor-
sally positioned than the level of the mandibular condyle of the quadrate. The anterior end of
the maxilla in ventral view is wedged between the posterior processes of the premaxillae and
reached the last premaxillary tooth (Fig. 15B), which disagrees with the interpretation on this
region by Aoki (1983). The median region of the maxilla between eight and thirteenth maxillary
teeth is damaged but preserves a part of the maxilla-palatine suture (Fig. 8). The anterior end
of the suture is at the level of the eleventh maxillary tooth. The posterior end of the suture ends
close to the anterior border of the palatal fenestra but is positioned more medially because of
the presence of a short posteromedial process of the maxilla. Medial to the eleventh maxillaty
tooth, there are two foramina for the palatine ramus of the trigeminal nerve (cranial nerve V)
(Fig. 16A). These are much smaller than alveolus size. Cup-shaped depressions are present be-
tween adjacent teeth from the eighth to thirteenth maxillary teeth. These depressions are for
dentary teeth when the lower jaw is occluded. The posterior process of the maxilla is pinched
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out between the jugal and ectopterygoid (Figs. 8 and 17B). There is a gap between the posterior
tip of the maxillae and the posterior-most maxillary alveolus, which is roughly 60 mm in length.
The medial surface of the posterior process, forming the anterolateral border of the suborbital
fenestra, has a large circular foramen (19.4 mm in diameter), which is as large as the diameter
of the last maxillary alveolus (Fig. 16B).

Both nasals(Fig. 7) are nearly complete, but posterior parts are crushed dorsoventrally.
The nasals are elongate and articulate each other with a straight suture. The nasal extends
anteriorly between the dorsal processes of the premaxilla to the level of the third maxillary
teeth. The posterior end of the nasal convergines for a short distance and meets the frontal at
the level of the last maxillary alveoli. The ventral surface of the element between eighth to elev-
enth maxillary teeth is exposed because of the damage of the maxilla. The ventral surface of
each nasal forms a shallow groove, and grooves on both sides are separated by a medial ridge.

A region just anterior to the orbits is damaged and it is difficult to observe some of sutures
among the nasals, prefrontals, lacrimals, frontals, and jugals. Our reconstruction on the sutural
relationships among these elements is close to the one proposed by Aoki (1983). The lacrimal
is much longer than the prefrontal but shorter than the nasals (Fig. 7). It is longer than wide
(three to four times as long as its width). The contact of the nasal with the lacrimal is longer
than with the prefrontal. The anterior end of the lacrimal-maxilla suture ends at the lateral side
of the nasal, roughly one-third of the nasal length from its posterior end. The lacrimal-maxilla
suture is straight, lacking the posterior process of the maxilla (Fig. 7). Anteriorly, the lacrimal
extends up to the level between the eleventh and twelfth maxillary teeth. The posterior edges
of the lacrimal and prefrontal are concave for the anterior border of the orbit. The dorsal surface
of the lacrimal is ornamented with pits, whose diameter reaches to 9 mm at maximum, as in the
dorsal and lateral surfaces of the jugal. Most of the dorsal surface of the prefrontal is orna-
mented, similar to the lacrimal, but its medial part is smooth

No palpebral is preserved.

The dorsal portion of the postorbital (Fig. 7) forms the anterolateral area of the skull table.
In dorsal view, the anterolateral border of the element is smoothly curved, but does not form a
distinct corner. The postorbital-frontal suture is straight and anteroposteriorly directed from the
anterior edge of the supratemporal fenestra. The postorbital-squamosal suture is originated from
the lateral edge of the supratemporal fenestra to the base of the postorbital bar and is oriented
at an angle to the sagittal plane, differing from a previous study (fig. 1; Aoki, 1983). The de-
scending process that forms the dorsal part of the postorbital bar is preserved on the right side,
but offset from the ascending process of the jugal by crushing (Fig. 17A). It is massive, slightly
thicker than the width of the dorsal portion of the postorbital in dorsal view, and lacks promi-
nence (Fig. 7). The proximal end of the descending process shows no offset from the
anterolateral border of the skull table. Its ventral end is positioned medial to the ascending proc-
ess of the jugal and inset from the lateral surface of the jugal (Fig. 17A). Ornamentation occurs
only on the dorsal surface of the dorsal portion of the postorbital.

The jugal (Figs. 7, 8, 9, 17) is as long as the nasal. Anterior to the postorbital bar it is mas-
sive and is much wider than the posterior part. The anterior part of the element articulates with
the maxilla laterally and lacrimal medially, and forms the anterolateral part of the orbit. The as-
cending process is positioned on the lateral side of the main body of the jugal and is triangular
in cross-section. Anterior to the postorbital bar, the right jugal is damaged, but there is no
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National Science Museum Monographs

The National Science Museum has been publishing technical papers in the following
series:

Bulletin of the National Science Museum

Series A: Zoology (Quarterly)

Series B: Botany (Quarterly)

Series C: Geology & Paleontology (Annually)

Series D: Anthropology (Annually)

Series E: Physical Sciences & Engineering (Annually)

Memoirs of the National Science Museum (Annually)

In addition to the above, dozens monographic works have been published since 1984. They
are originally published as independent publications, but the National Science Museum
Editorial Board has decided to continue to publish such works on an irregular publication series,
namely National Science Museum Monographs. Their titles and their corresponding numbers of
the series are as follows:

9.

10.

11.

12.

Early Cretaceous marine and brackish-water Gastropoda from Japan. By Tomoki
Kase, 199 pp., 31 pls., 1984.
A taxonomic study on the subfamily Herminiinae of Japan (Lepidoptera, Noctuidae).
By Mamoru Owada, 208 pp., 1987.

Small mammal fossils and correlation of continental deposits, Safford and Duncan
Basins, Arizona, USA. By Yukimitsu Tomida, 141 pp., 1987.

Late Miocene floras in northeast Honshu, Japan. By Kazuhiko Uemura, 174 pp., 11
pls., 1988.
A revisional study of the spider family Thomisidae (Arachnida, Araneae) of Japan. By
Hirotsugu Ono, 252 pp., 1988.

The taxonomic study of Japanese dictyostelid cellular slime molds. By Hiromitsu
Hagiwara, 131 pp., 1989.

A systematic study of the Japanese Chiroptera. By Mizuko Yoshiyuki, 242 pp., 1989.
Rodent and lagomorph families of Asian origins and diversification: Proceedings of
Workshop WC-2 29th International Geological Congress, Kyoto, Japan. Edited by
Yukimitsu Tomida, Chuankuei Li, and Takeshi Setoguchi, 195 pp., 1994.
A microevolutional history of the Japanese people as viewed from dental morphology.
By Hirofumi Matsumura, 130 pp., 1995.

Studies on the human skeletal remains from Jiangnan, China. Edited by Bin
Yamaguchi and Huan Xianghon, 108 pp., 3 pls., 1995.

Annotated checklist of the inshore fishes of the Ogasawara Islands. By John E.
Randall, Hitoshi Ida, Kenji Kato, Richard L. Pyle, and John L. Earle, 74 pp., 19 pls.,
1997.

Deep-sea fauna and pollutants in Suruga Bay. By Tsunemi Kubodera and Masaaki
Machida,et al., 336 pp., 12 pls., 1997.
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